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Abstract
In the largely agrarian north Indian state of
Himachal Pradesh pests, temperature variation,
weather conditions and climate change are critical
factors affecting the livelihoods of farmers and vil-
lagers. The rapidly changing environment is dam-
aging crop production and food security in this re-
gion, and in turn driving residents to more urban-
ized areas to find reliable work. Our team stud-
ied the feasibility of an all-season plant nursery to
help improve growing conditions and expand op-
portunities for personal or commercial farming in
Himachal Pradesh. Using interview and fieldwork
data we designed and built a plant nursery pro-
totype and proposed a nursery trial system with
the intent of preserving the culture and livelihoods
that sustain this region of India.
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Executive Summary
Food security is one of the world’s most pressing
problems, affecting nearly one billion people glob-
ally. The United Nations recognizes this problem
in its second sustainable development goal (UNHCR,
March 2017). In rural states like Himachal Pradesh,
the problem includes the complex challenges of the
weather and terrain for dependable crop growth.
Agriculture is a vitally important part of life, but the
seasonal nature of food production causes inconsis-
tent production periods throughout the year. Com-
munities in regions such as Himachal Pradesh rely on
knowledge passed on by previous farmers and good
weather to get them through each season, and adding
to the complexity are the wide range of pests, tem-
peratures, and weather experienced in the Himachal
Pradesh region. Additionally, increasing uncertainty
resulting from climate change puts farmers at risk of
losing their traditional way of living. These threats
can drive people away from farming to pursue more
stable work. An all-season plant nursery could poten-
tially lengthen the growing season in order to mini-
mize risks and increase the opportunity for agricul-
tural stability and success.
Figure i: Terrace farming in Himachal Pradesh
There are several aspects of this northern region
that make it particularly prone to growing season dif-
ficulties. The District of Mandi sits in the foothills
of the Himalayas, and as such is a very mountain-
ous region. Mandi has a humid subtropical climate
in most areas, with an alpine climate at higher eleva-
tions. The elevation, which ranges from 696 meters to
2030 meters, couple with steep inclines, make effec-
tive crop growth difficult. Furthermore, the seasonal
nature of the weather makes it difficult for farms to
be productive year-round. Temperatures range from
over 38 degrees Celsius in the summer to below -1
degrees Celsius in the winter. Plus, Mandi receives
an average of 168 centimeters of rain every year, with
approximately 48 centimeters of rainfall during July,
the first month of monsoon season (Climate: Mandi,
1982-2012).
These weather conditions can be damaging to the
primarily agrarian culture of the surrounding region.
Temperatures that are too hot or too cold can affect
the growth of the seasonal crops. The inconsistent
rainfall presents an issue of maintaining irrigation
throughout the dry seasons or plants being drowned
out by the heavy rainfall of monsoon. These are con-
cerns for farmers who either need to profit off their
crops or need the food they are growing for them-
selves.
Despite the challenges of growing crops in this
mountainous region, 71 percent of residents in the
province are associated with agricultural livelihoods
(Envis Centre: Himachal Pradesh, 2011). While
some residents of Himachal Pradesh already use nurs-
eries to protect and grow plants out of season, this
practice is not being used to its full potential. This is
evident by the low production of vegetables as seen
from interviews we conducted. The ability for fami-
lies or businesses to grow crops throughout the winter
and other inclement weather such as during monsoon
season may supplement food supplies or profits dur-
ing a slow period.
The purpose of this project was to study the fea-
sibility of enabling farmers to use plant nurseries and
to test a prototype for year-round production in Hi-
machal Pradesh. An all-season plant nursery could
allow for a more diverse and consistent food sup-
ply year-round and as a result improve food secu-
rity in the region. The design of a structurally sound
building would allow a maximum amount of sunlight
while offering durability and effectiveness as well as
protection from pests like monkeys. The design and
choice of materials for the project were meant to cre-
ate an affordable nursery that could be easily con-
structed and maintained by anyone. As such, objec-
tives of the project were to research current nursery
and non-nursery farming practices and needs; to iden-
tify site and design specific parameters for nursery
construction; and to join the best practices for the
design and development of nurseries with the needs
of the farmers of Mandi. We designed and built a pro-
totype that could assist in year-round crop growth in
Mandi, India.
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Approach
Three objectives were identified in order to assess
the feasibility of an all-season plant nursery in Hi-
machal Pradesh. The three primary objectives and
how we planned to approach them are outlined in
figure ii below.
Figure ii: Outline of objectives
Results
Our main findings highlighted issues with water
and elevation, with monkeys, and overall concerns
about the future of farming. Farmers that live in the
higher elevation areas have more difficulty accessing
water, and as such, do not have sufficient crop growth.
Residents there have to have water shipped to them
using trucks with large water tanks, and that water
is used for day-to-day needs, not for crops. Addition-
ally, the only crops grown are wheat and maize since
monkeys often destroy fruits and vegetables before
they can be harvested. Wheat and maize are tougher
crops, and as such, are more difficult for monkeys
to eat. Lack of fruits and vegetables force families
to travel to Mandi to buy produce. Finally, we found
that most farmers have no desire for a nursery. There
are two reasons for this: water scarcity and lack of
training in using greenhouses or nurseries. The farm-
ers we interviewed wanted a solution to their water
issues.
Project Outcomes
Figure iii: CAD rendering of nursery prototype
We designed an all-season plant nursery with a
secure structure to resist monkeys and a water collec-
tion system to assist with water scarcity. To encour-
age farmers without nursery knowledge, we proposed
a nursery trial system that would be paid for by a
sponsor. In this trial, farmers receive a nursery for
one year and after one year they decide whether they
want to purchase it. If farmers do not think the nurs-
ery helped and they do not want it, they return it to
the sponsor. If farmers believe the nursery worked
and they wish to keep it they can pay off the nursery
over time. This way, farmers can learn how a nurs-
ery works without having to front a large investment.
With these features, the nursery could help stabilize
food security and help preserve the livelihoods in Hi-
machal Pradesh.
iii
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1 All-Season Plant Nursery for
Improved Food Security
Food security is one of the world’s most pressing
problems, affecting nearly one billion people glob-
ally. The United Nations recognizes this problem
in its second sustainable development goal (UNHCR,
March 2017). In rural states like Himachal Pradesh,
the problem includes the complex challenges of the
weather and terrain for dependable crop growth.
Agriculture is a vitally important part of life, but the
seasonal nature of food production can be problem-
atic for consistent growing conditions. These commu-
nities rely on knowledge passed on by previous farm-
ers and good weather to get them through each sea-
son . This region experiences a wide range of pests,
temperatures, and weather.
Additionally, increasing uncertainty resulting
from climate change puts farmers at risk of losing
their traditional way of living. The threat of climate
change and increased difficulty of being a farmer can
drive people away from farming to pursue a larger
profit. As a result of this, farming becomes more
difficult to make a profit, further repeating the cy-
cle. An all-season nursery could potentially lengthen
the growing season in order to minimize risks and in-
crease the opportunity for agricultural stability and
success.
There are several aspects of this northern region
that make it particularly prone to growing season dif-
ficulties. The District of Mandi sits in the foothills of
the Himalayas, in the heart of the state. Mandi is a
mountainous region with elevations between 696 me-
ters at its lowest and 2030 meters at its highest. The
region has a humid subtropical climate in most areas
and an alpine climate at higher elevations. The ele-
vation and steep inclines make effective crop growth
difficult. Temperatures in the summers can rise to
over 38 degrees Celsius and fall to below -1 degrees
Celsius during the winters. The seasonal nature of
the weather makes it difficult for farms to be produc-
tive year-round. Mandi receives an average of 168
centimeters of rain every year and during July, the
first month of monsoon season, the average rainfall is
48 centimeters (Climate: Mandi, 1982-2012). These
weather conditions can be damaging to the primarily
agrarian culture of the surrounding region.
Temperatures that are too hot or too cold can
affect the growth of the seasonal crops. The incon-
sistent rainfall presents an issue of maintaining ir-
rigation throughout the dry seasons or plants being
drowned out by the heavy rainfall of monsoon. These
are concerns for farmers who either need the money
that their crops will bring in or need the food they
are growing for themselves.
Figure 1: Terrace Farming in Himachal Pradesh
Despite the challenges of growing crops in this
mountainous region, 71 percent of residents in the
province are associated with agricultural livelihoods
(Envis Centre: Himachal Pradesh, 2011). While
some residents of Himachal Pradesh already use nurs-
eries to protect and grow plants out of season, this
practice is not being used to its full potential. This is
evident by the low production of vegetables as seen
from interviews conducted by the team. The ability
for families or businesses to grow crops throughout
the winter and other inclement weather such as dur-
ing monsoon season may supplement food supplies
or profits during a slow period.
The purpose of this project is to study the feasibil-
ity of enabling farmers to use plant nurseries and test
a prototype for year-round production in Himachal
Pradesh. If needed, an all-season plant nursery would
allow for a more diverse and consistent food supply
year-round and as a result improve food security in
the region. The design of a structurally sound build-
ing could allow a maximum amount of sunlight while
offering durability and effectiveness as well as pro-
tection from monkeys. Our goal for the design and
materials of the project was to create an affordable
nursery that could be easily constructed and main-
tained by anyone. As such, objectives of the project
were to research current nursery and non-nursery
farming practices as well as stakeholder needs, iden-
tify site and design specific parameters for nursery
construction, and to join the best practices for the
design and development of nurseries with the needs
of the people of Mandi. We designed and built a
prototype for an all-season plant nursery to assist in
year-round crop growth in Mandi, India.
1
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2 Nursery Challenges and
Design
The weather conditions present in this region of
Himachal Pradesh can provide a good environment
for plant growth but can also be harsh for the many
different types of plants grown. To give both com-
mercial and sustenance crops a more controlled en-
vironment for both in and out of season growth,
we investigated more deeply the constraints and re-
quirements that could support farmers in Himachal
Pradesh. What we learned is that adding equipment
and infrastructure to traditional communities poses
a financial risk and potential learning curve that may
limit interest. The stakeholders for this project were
small-scale farmers and commercial growers. Rain-
fed farms account for 80 percent of all food for India,
and selling these crops is the main source of income
for residents of Himachal Pradesh.
Figure 2: Farming in Kamand Valley
2.1 Challenges of Introducing
Nursery Technology
Although an all-season plant nursery seems like
a logical solution for farmers trying to grow crops
in the difficult climate, there are many challenges
involved in introducing nurseries. Nurseries are ex-
pensive, and with the per capita income of Himachal
Pradesh at 95,582 INR (approximately 1,461 USD) it
would take a hefty loan to purchase a nursery (Baldi,
2016). Also, although Census data from 2011 proves
Himachal Pradesh has one of the highest literacy
rates in India with nearly 83 percent, only 3 percent
of residents have access to internet (Biswas, 2012).
Without access to internet, it is difficult for residents
to research how nurseries work and how best to use
them. Another challenge for farmers without access
to internet is they cannot apply for government sub-
sidies or research other agricultural extension bene-
fits. There is a limited amount of help available for
farmers, but they can contact the local Agricultural
Extension Officer or the Directorate of Agriculture,
located in Shimla (Department of Agriculture, 2001).
To help combat inconsistent growing conditions, as-
sessing the viability and the need for a simple nursery
with options for season extension and out of season
crop growth could assist these farmers and house-
holds in producing enough food for their families or
crops to be sold at local markets. In addition, an
advanced prototype could benefit the agricultural re-
search community and provide options for scientific
or academic agricultural research for site specific con-
ditions. Our motive was that the benefit of an adapt-
able plant nursery for growers, is that it has parame-
ters that could be customized by stakeholders. Con-
siderations included size, cost, portability, reparabil-
ity of materials, and scalability. Simplicity was key;
an intuitive design allows for easy maintenance as well
as smooth use.
2.2 Site Specific Form and Function
The design for an adaptable plant nursery for use
in Himachal Pradesh needs to consider a range of
options for cost and local materials. A nursery is
a structure where plants are grown from seedlings,
whereas a greenhouse is a structure made from pre-
dominantly transparent material where plants are
grown. Greenhouse temperature control techniques
can be either passive or active, meaning they are ei-
ther independent or dependent on electricity.
The user requirements for the space, the cost of
building materials for the nursery, and other cus-
tomized features add or subtract complexity. A sum-
mary of common design considerations can be seen
below in Table 1.
2
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Table 1: Design Features for Plant Nurseries
Feature Considerations
Foundation Material, cost, dimensions
Insulation Material, cost, insulation ability
Ventilation Style, heat loss, insulation ability
Cladding Material, cost, durability, light penetration
Photovoltaic panels Cost, dimension, energy output, maintenance
LED lights (Far Red) Cost, light output, energy
consumption, maintenance
Nursery structures are dependent on site-specific
conditions such as climate and social considerations
around usability. Standard modifications include
shape and foundation quality. A standard peak struc-
ture, where the roof of the structure is a scalene tri-
angle to maximize area exposed to light, is common
in Himachal Pradesh. An outline for building green-
house foundations is detailed in The Food and Heat
Producing Solar Greenhouse by Rick Fisher (1976).
One approach to building a foundation is to make a
base from a solid substance such as concrete or ma-
sonry stones, and then surround this by an insula-
tor such as Styrofoam (Fisher, 1976). Additionally,
a case study conducted in Northwest Nepal in 2011
found that a mixture of mud brick and straw as a
foundation proved to be strong and a great insulator
(Fuller, 2012). This study demonstrates that simple
solutions using locally obtained material can be ex-
ceedingly effective.
Greenhouse structures and shape are chosen for
specific environments. The standard peak structure
supports different types of pressure that can be put
on a greenhouse such as snow load, wind load, dead
load, and live load. Snow load and wind load are
the stresses that are put on the greenhouse by their
respective conditions, dead load is the weight of the
structure itself and all of its attachments like pipes
and lights, and live load is the weight of any person
on the structure during maintenance (Ponce, 2015).
The loads that the structure can bear are heavily de-
pendent on the construction materials. A common
building material is aluminum, which has the advan-
tage of being lightweight and durable.
Cladding, the covering on a greenhouse, is most
commonly glass or polyethylene. Insulation, dura-
bility, and transmittance of light and radiation into
the greenhouse are important factors when consid-
ering what material to use. While glass transmits
light extremely well and polyethylene is cheaper and
lighter than glass, they are both expensive and hard
to obtain. A third option for the cladding is polycar-
bonate. This material is often formed into two sheets
of plastic with hollow channels running between them
which serves as added structural support and also in-
creases insulation, called twin wall cladding (Abdel-
Ghany, 2012).
Passive methods of heating and ventilation are im-
portant for a self-sustaining nursery. Storing light
energy will heat up the nursery while proper ventila-
tion will allow cooling and humidity control. Proper
micro-climate maintenance allows for the most effi-
cient growth of crops in the nursery.
Maximizing light transmittance is important for
photosynthesis and heat retention. A large surface
area on a south facing wall maximizes the light and
radiation that is able to pass through the cladding
and into the greenhouse. Radiation that passes
through cladding and becomes trapped causes the
“greenhouse effect” which heats up the nursery. Mul-
tiple layers of cladding create air pockets between lay-
ers which increases insulation (McCullagh, 1978).
2.3 Approaches to Temperature
Control
Just as in a residential home, insulation, heating,
and ventilation are important and closely related in
greenhouses. Without the proper insulation, trapped
heat from the sun can be lost when temperatures de-
cline, so minimizing heat loss is essential. A large
internal volume gives the structure thermal inertia, a
property of a structure which describes its ability to
retain heat.
Keeping a nursery or greenhouse at an appropri-
ate temperature for the plants presents a great chal-
lenge. There are two broad categories of solar en-
ergy collection: passive and active. A passive system
uses a heat sink to absorb thermal energy during the
day and then passively radiates it back out into the
greenhouse at night. One common method for keep-
ing the structure heated is storing heat from the sun
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in thermal masses. There are different materials used
for this, mostly commonly ceramics or water. When
added to a greenhouse, they absorb heat during the
day and then release it at night. In contrast, ac-
tive heating involves the use of a thermal mass and
powered ventilation. A Ground-to-Air Heat Transfer
system (GAHT) uses a fan to blow air through pipes
running through the ground. In the summer it vents
hot air through pipes in the ground, cooling it off and
bringing it back into the nursery. During the winter
it vents cool air through the ground that has been
heated all summer to heat the nursery up (Schiller,
2017). This setup can be seen in Figure 3.
Figure 3: GAHT system in a greenhouse (Schiller,
2017).
Given the generation of carbon dioxide as well as
humidity from enclosed spaces, a key aspect of green-
house microclimate maintenance is its ventilation.
An article written by John Worley of the Department
of Poultry Science at the University of Georgia states
that factors to consider when designing the ventila-
tion system included local wind speed and direction,
vent layout, vent area, and whether to use a forced or
passive ventilation system (Worley, 2015). There are
a number of commonly used ventilation layouts that
are each chosen for specific purposes. The University
of Thessaly, School of Agriculture, Crop and Animal
Production produced a study on the effectiveness of
four different layouts, one of which is shown below in
Figure 4.
Figure 4: Geometry of side and roof openings config-
uration (Bartzanas et. al., 2004).
In this study researchers found this configuration that
combined open side vents and a roof flap was the best
vent layout since it allowed a large quantity of air-
flow to be circulated through the greenhouse while
maintaining proper airflow inside (Bartzanas et. al.,
2004). Another study, done by J. J. Hanan (1978)
found that alternating roof vents on either side of
a greenhouse employed the cross-flow strategy along
with vents on the roof vented heat more efficiently
than one single vent type.
Active ventilation is also an option when consid-
ering ventilation systems. A second study conducted
by the University of Thessaly considered the viability
of a system that circulated air using a fan. The re-
searchers found that while there were large differences
in microclimate conditions inside the greenhouse be-
tween an active and passive ventilation scheme, very
little difference in plant transpiration rate was present
(Kittas et. al., 2001). Regardless, active ventilation
offers a good way to ensure proper rates of ventila-
tion within the greenhouse. In a windy area such as
Himachal Pradesh this is important since high winds
can potentially be harmful to young or fragile crops.
2.4 Power and Supplementary
Lighting
Features such as solar panels and LED lights are
not necessary for the construction of a functional
nursery, but they provide supplementary assistance
in areas such as energy consumption or increasing
plant growth. Passive methods of heating and cool-
ing do not use electricity, but at the same time do
not change conditions as quickly or as radically as
active methods that use fossil fuels or coal. Intro-
ducing solar panels can decrease or negate the cost
of air conditioning and heating each year (Carlini,
2011). By decreasing the cost of non-passive heat-
ing and cooling methods, more effective temperature
control can be achieved while also keeping the cost of
greenhouse maintenance low. Any solar energy pro-
duced will help mitigate efficiency losses in the nurs-
ery. Photovoltaic panels can be quite expensive and
thus it is important to have a well-designed nursery to
reduce the necessary size of the panels if affordability
is to play a role in the nursery design.
During the winter months there are not enough
hours of sunlight in a day to grow plants as effi-
ciently as in the summer (McCullagh, 1978). Supple-
mentation of light is necessary for continuing growth
throughout the winter. A study done by Kai Cao in
2016 used Far Red LED lights to offset the light lost
4
All-Season Plant Nursery to Increase Food Security
from shorter days. By using Far Red LED lights, the
plants did not grow as tall but the overall mass of the
plant, meaning the leaves and flowers, had increased
in size (Cao, 2016). Increased leaf area allows plants
to take in more light energy from the sun. The study
also showed increased flowering from plants supple-
mented with Far Red LED light which correlated to
increased crop yield.
2.5 Government Subsidies
For farmers who are willing to invest but still need
some monetary assistance, there are government sub-
sidies to help lessen the financial burden. We identi-
fied a number of government subsidies that incen-
tivize farmers to switch to the use of nurseries to
grow crops. The government schemes relevant to this
project include: The Rural Infrastructure Develop-
ment Fund (R.I.F.D.), The Ministry of New and Re-
newable Energy solar panel subsidy, the Dr. Y. S.
Parmar Kisan Swarozgar Yojna and Japan Interna-
tional Cooperative Agency (J.I.C.A.) scheme, and the
Rashtriya Krishi Vikas Yojana Scheme(Department
of Agriculture, 2001). A description of these subsi-
dies is presented below in Table 2.
Table 2: Government subsidy schemes
Name What it subsidizes Percent subsidy
R.I.F.D. Drip irrigation and fogger sys-
tems up to 1 hectare in size
Up to 80%
Ministry of New and Renewable
Energy
Solar Panels for rural farmers up to 80%
J.I.C.A. & Dr. Y. S. Parmar
Kisan Swarozgar Yojna Scheme
Nursery production Aims to subsidize 100%
R.K.V.Y. Yearly seed supply Approximately 50%
Combining all of the considerations with the end user
in mind gave us necessary insight into the structure
and features of the nursery needed for our purposes.
The challenges facing the introduction of nurseries in
addition to combining structure, ventilation, and in-
sulation come together in a way that considers who
will be using it.
3 Approach: Interviews and
Field Tests
Three objectives were identified in order to assess
the feasibility of an all-season plant nursery in Hi-
machal Pradesh. The three primary objectives can
be found below in Figure 5.
Figure 5: Outline of objectives
3.1 Objective 1: Learn Current
Farming Practices as well as
Private and Commercial Farmer
Needs
Growing crops in Himachal Pradesh is a major
source of food and income for its citizens. To learn
about how both private and commercial farmers func-
tion in this economy, we conducted archival research
and interviews with farmers who grow crops with and
without nurseries.
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We identified Government subsidies from nurs-
ery personnel and from our own research that would
make building and sustaining nurseries more afford-
able for farmers attempting to start their own. Each
of these programs work to subsidize the cost of nurs-
eries for farmers in rural Himachal Pradesh to in-
crease the number of nurseries in the region.
To engage directly with users of the potential
nursery, we located farms in Arnehar, Kataula, and
Kamand and interviewed farmers who did not use
nurseries. We used an interview guide found in Ap-
pendix A. We interviewed them on the types of crops
they grow each season, if they sell their crops or keep
them, water and electricity availability, and any other
problems that they face. The interviews were con-
ducted in Hindi. Photographs and videos of the in-
terviews were taken with the farmers permission for
documentation purposes. We located farms in Chail
and Kataula that do use nurseries and interviewed
farmers and government workers using an interview
guide found in Appendix B. We interviewed them on
what types of crops can be grown in nurseries, the
structure and size, the materials used, and internal
climate control. Interviews were conducted in Hindi.
Photographs and videos were taken of the nurseries
with permission from the owners for documentation
purposes. The group can be seen visiting a nursery
in Figure 6.
Figure 6: Research in nursery practices
3.2 Objective 2: Evaluate
Characteristics of Sites and
Design Parameters for Nursery
Construction
To further evaluate potential nursery sites and the
current nurseries in Himachal Pradesh, we conducted
site evaluations with documentation and observation,
as well as interviews with experts on nurseries and
horticulture.
After interviewing the farmers, we visited their
farmland and took photographs documenting the site
conditions, being sure to capture qualities of the
farms which might be useful later during the evalua-
tion stage. We also took into consideration different
areas of their farmland where a nursery might be ef-
fectively placed. We evaluated the farmland based on
the amenities in Appendix C.
For greenhouse and nursery operators we followed
a similar approach. We asked additional specific
questions regarding the greenhouses and took pic-
tures of the various structures for documentation pur-
poses. Later, we evaluated the greenhouses based
on the determinants in Appendix D. Photographs of
farms without nurseries were taken for documenta-
tion purposes and later evaluated based on determi-
nants in Appendix C.
Interviews with experts in related fields were con-
ducted. We contacted Mr. Jagdish and Mr. Hidev
from the medicinal plant department at the IIT. They
are horticulturists who maintain the medicinal gar-
den and labs on the IIT campus. They provided use-
ful information regarding seasonal plant growth and
best practices for farming year-round in Himachal
Pradesh. We later visited the Model Floriculture
Center in Chail and met with supervisor Dr. Kashop
as well as a few other farmers working in an nearby
floracultural reserve. This government run farm is
primarily operated in greenhouses. We spoke with
Dr. Kashop in order to gain practical knowledge
of greenhouse operation in Himachal Pradesh. We
learned some very valuable information speaking to
her and the greenhouse workers here and much of it
influenced our greenhouse prototype design.
3.3 Objective 3: Pilot and Test
Nursery Prototype
In order to build the prototype on the IIT Mandi
campus, we discussed a variety of potential build sites
to evaluate. Ultimately, the site chosen was by Maple
Mess Hall between two walkways. This site was cho-
sen due to its longest access to light and close prox-
imity to the final presentation area.
The design for the prototype was created based on
the results of the research done in the first two ob-
jectives. Combining this with our previous research,
we came up with a design that seemed like it would
be able to address the problem. From here the next
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step to begin the construction of the prototype was
to acquire all the necessary components. These came
from various sources, primarily online retail and ac-
cessible gardening stores in Mandi. The aluminum
for the frame came from a hardware store in Mandi
Town. The first step of the actual construction was to
assemble the frame. The prototype is small enough
that it would be possible to move the frame after be-
ing assembled. This was accomplished using the IIT
machine shop tools and the aluminum beams. The
next aspect of the construction was to dig a foun-
dation. This serves two purposes, first to allow for
a more solid base that would not be blown away or
knocked over, and second to give a place for a GAHT
system. The tubes act as a way to turn the earth
beneath the nursery into a thermal battery. Next we
installed the piping for this system, reburying it in
the soil. The final step of construction was to place
the nursery on the foundation and secure it to the
ground using stakes.
In order to actually test out the prototype and see
potential results, we planted various seedlings to be
tended to over the next few months. We made obser-
vations and monitored the temperature and humidity.
This information was to give both quantitative and
qualitative analysis of how effectively the nursery is
functioning. Although monitoring the growth of the
plants through to harvest is not within the scope of
this project it will be useful to include the plants to
facilitate future observations.
4 Results
4.1 Current Farming Practices and
Needs
The following section includes the results and dis-
cussion that follow our team’s methodology as out-
lined above.
4.2 Design Parameters and Site
Characteristics for Nursery
Construction
We interviewed 11 farmers who grew crops with-
out the use of nurseries and operated in a range of
elevations. Without the use of nurseries, both pri-
vate and commercial farmers are limited to growing
a relatively small range of crops. The most common
crops’ sowing and harvesting patterns can be found
below in Figure 7.
Figure 7: Crop sowing and harvesting seasons
Our initial intent was to interview farmers and
record specific needs they might have based on chal-
lenges they commonly face. However, we found that
interviewing them on their challenges was a more ef-
fective approach as many of them did not see any
issue with the way they farm or did not have suffi-
cient knowledge of alternative farming methods such
as nurseries. In terms of challenges faced, most farm-
ers that we interviewed noted that due to lack of wa-
ter, as well as the destruction of crops from monkeys,
they can only grow wheat and maize. Monkeys will
not eat wheat and maize because they prefer to eat
softer crops like fruits and vegetables. Farmers who
faced crop destruction from monkeys were forced to
travel into town to buy produce. Some farmers also
expressed a desire for a reliable water collection sys-
tem for irrigation because many used rainwater as
their main source of water for irrigation.
To learn about commercial practices, we inter-
viewed nursery and greenhouse personnel and identi-
fied how greenhouses are operated and maintained.
We also learned about nuances in the greenhouse
structure and function. In Chail, we visited a
government-run floriculture center as well as a farmer
owned flower nursery. We also visited a farmer owned
nursery in Kataula who built his nursery using gov-
ernment subsidy.
Each site had its own technique for maintaining
temperature and humidity. At the Model Floricul-
ture Center in Chail, the workers manually opened
the vents at 9:00 am in the summer and at 11:00 am
in the winter while the vents were closed at 5:00 pm
each season. The Floriculture Center also used ther-
mometers and barometers to measure temperature
and humidity respectively. For extra ventilation, a
nursery made from hard sheet polycarbonate in the
Floriculture Center used a honeycombed cardboard
structure on one wall so that when wet, cool air was
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drawn in and hot air was pushed out. At other sites,
such as Chail village and Kataula, workers used their
own intuition and experience of the internal condi-
tions when deciding to use the vents and the foggers,
which can be seen below in figure 8.
Figure 8: Foggers installed in a greenhouse
We asked workers about the price of different
types of nurseries as well as the materials and tem-
perature control methods nurseries use. Dr. Kashop
from the Floriculture Center informed us that stan-
dard peak structures have a higher construction cost
compared to arched structures. Comparatively, with
a common size of 250 square meters, standard peak
structures cost around 800,000 INR to build while the
arched structures only cost around 400,000 INR. We
also learned that twin wall polycarbonate is more ex-
pensive per unit than polycarbonate film but did not
need to be replaced. Conversely the film needed to
be replaced every 5 years due to inevitable physical
wear
4.3 Design Parameters and Site
Characteristics for Nursery
Construction
We conducted site assessments to learn how nurs-
ery structure and design responds to local conditions.
The Model Floriculture Center and nurseries we vis-
ited followed two types of structures: standard peak
and arched. Each nursery used side and roof vents
made from mesh screen. Active ventilation was not
used at any of the locations we visited. Both polycar-
bonate film and twin wall polycarbonate were used as
a cladding material but polycarbonate film was used
in all but one of the nurseries seen. Every nursery
also used foggers to maintain the internal humidity.
Table 2 below shows basic amenities shared by the
nurseries we visited.
Table 3: Nursery site evaluations
Amenity Findings
from evaluation
Lighting Naturally lit
Type of
ventilation
Passive: side and
roof ventilation
Insulation None (besides poly-
carbonate sheets)
Maintainability Polycarbonate film:
needs to be replaced
every few years due
to natural degrada-
tion and destruction
from monkeys Hard
polycarbonate sheet:
can go more than 8
years before being
replaced
Irrigation system Drip irrigation
Internal temperature
regulation
Passive, manually
regulated
Microclimate regula-
tion
Manually regulated
Structure Shape Arched
Although these features were adapted from fea-
tures of nurseries found in research, construction, we
found these amenities to be successful in each of the
nurseries we visited. As such, we implemented a mix
of both into our design of the nursery.
In our site evaluations we considered aspects of
the local terrain that could challenge the design, or
limit building and maintaining a nursery in that area.
Some of these key site parameters included physical
accessibility, water, electricity, and crop use. These
characteristics are presented per village in below in
Table 4.
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Table 4: Farmland evaluation by town
Arnehar Shegli Kataula
Village ac-
cessibility
by vehicle
Very diffi-
cult
Very diffi-
cult
Easy Ac-
cess
Water
availabil-
ity
Water
deliv-
ered with
difficulty
Water
deliv-
ered with
difficulty
Locally
sourced
by river
Electricity
availabil-
ity
Available Available Not
available
outside
of main
village
Crop
usage
Personal
consump-
tion only
Most for
personal
consump-
tion, some
for profit
Plenty of
crops for
profit
Accessibility for each village was included as a
measure of how easily materials and goods can en-
ter and leave the village. Factors such as terrain
and exposure to sunlight were not included in the ta-
ble. They were not included because any place where
crops are able to be grown then it can be assumed the
terrain and sunlight are sufficient for the placement of
a nursery. Ultimately, there was little to no variation
in farmland characteristics with only some variation
in village characteristics which include accessibility
by vehicle as well as water availability.
What we did find while interviewing farmers, was
an association between elevation and accessibility to
water for growing crops. Farmers at higher altitudes
were limited by the water they could pump up to their
villages. Most collected rainwater to supplement the
water they used to irrigate their crops or they exclu-
sively used rainwater to water their crops because
they did not have enough water to spare between
their daily use. Only wheat and maize was grown
in these villages as they do not require as much wa-
ter as vegetables and cash crops. The high elevation
farmers were more interested in water collection than
obtaining a nursery. They seemed interested in the
prospect of a nursery if a water collection system was
added, making it self-irrigating. Farmers at lower el-
evations had little problem with irrigation water but
they were prevented from growing crops that require
large amounts of water because of monkeys. Monkeys
like to pick at and eat soft foods, like fruits and veg-
etables, so farmers were reduced to growing only hard
crops like cereals. These farmers were interested in
nurseries as they could grow vegetables without fear
of monkeys destroying them.
4.4 Piloting and Testing an Improved
Nursery Prototype
After taking the results of the prior two objectives
into account we modeled the structure of the proto-
type using CAD software, as show below in Figure
9.
Figure 9: Nursery prototype model using CAD soft-
ware
This design was based on the research into simi-
lar projects, such as Robert Fuller and Alex Zand’s
paper Solar Greenhouse Technology for Food Secu-
rity, published in 2012 and conducted in Northwest
Nepal. We added amenities to address the challenges
described by our stakeholders. The key features are
highlighted below in Table 5.
Table 5: Key Features
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We built the prototype frame out of aluminum in
a standard peak shape. The prototype contains two
separate sections divided by twin wall polycarbonate.
One section is cladded with twin wall polycarbonate
and one partially covered with polycarbonate film to
allow access to the inside of the nursery. Having two
differently cladded sections was done to compare their
insulating properties with each other. The final pro-
totype can be seen below in Figure 10.
Figure 10: Final Prototype of Nursery
5 Discussion
Nurseries have been used very successfully in the
region to both expand and diversify crop yield. Farm-
ers who used nurseries were able to grow for both
personal use and profit. Some farmers even produced
enough so they did not have the need to buy produce
from other farms. This success was very encouraging
for our study as it validates the hypothesis that nurs-
eries positively impact farmers in Himachal Pradesh.
Unfortunately, the farmers who would benefit most
from this project were also those who were least likely
to install a nursery. We found during our interviews
that poorer and less accessible farms grew fewer types
of crops and for a shorter season. An improved nurs-
ery could potentially solve these issues, but we found
several reasons these farmers were not using them.
The most important factor was the up-front cost
of construction and materials. Most farmers were
not aware of the subsidies available to them. Even
with government subsidy the money spent building
the nursery is not refunded until sometime after the
construction has been completed. The second reason
was that farmers with no experience in greenhouses
were unsure if they would make returns from the in-
vestment. The final factor that kept farmers from us-
ing a greenhouse-style nursery was that they felt they
would not have enough water to supply the needs of
the plants. The farmers felt this way because they
used government water on tap for daily use but col-
lected rainwater for their crops. Rain water is scarce
during certain seasons so some farmers believed that
they did not have enough water to grow crops other
than wheat and maize.
There are government schemes for nursery subsi-
dies, but these must be applied to separately. Since
there are many different subsidies to apply for, this
may cause some confusion amongst the farmers about
the application process. However, each application is
separate, meaning that if one application is rejected
there are others that farmers can apply to. The ap-
plications can be found on the website listed in Rec-
ommendations.
6 Project Outcomes
To promote and expand farming in Himachal
Pradesh, we propose two recommendations that will
make the use of improved plant nurseries feasible for
interested growers.
Figure 11: Abhay digging the foundation for the nurs-
ery prototype
First, a nursery designed for conditions found in
Himachal Pradesh should be improved with impor-
tant amenities. Based on the farmers’ need for more
water for crops, gutters and a small water tank should
be added to assist in self-sufficiency and water collec-
tion. Farmers at higher altitudes primarily use rain-
water to water their crops, so a system for harvesting
rainwater would assist farmers in obtaining water for
their crops. The gutters would run water to the stor-
age tank, which will sit on a small table that folds out
of the main structure. A valve connecting the tank
to a hose runs into the structure. When the plants
need to be watered, turning a valve would open the
pipe up into a drip irrigation system. This water col-
lection system would would allow the design to be
viable in more locations including those where wa-
ter is scarce. Additionally, the design would use an
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aluminum frame, which is light and allows the struc-
ture to be moved around easily if need be. Hinges
and pins as opposed to fixed corners would be used
so the nursery can be folded to help ease the stress of
transportation.
We also propose a trial period for farmers who
cannot afford to pay out of pocket immediately or for
farmers who wish to learn more about how a nursery
works before investing. During an interview, Parwata
and Disha, two women in Kataula, said that they did
not know how to properly use a nursery to justify
the purchase. Jogender Singh, a man from Arnehar
Village, told us he did not have enough money to af-
ford a nursery. To address these problems we created
a table outlining issues expressed by farmers and our
proposed solution to their problem which can be seen
on the next page in Figure 12.
Figure 12: Summary of farmer concerns and ways to
address them
Farmers participating in the program would re-
ceive a physical nursery on trial for one year. After
the year is over, the farmers determine if a nursery
is worth the investment. If the farmers decide they
want to keep the nursery, they pay off the price as
they continue to use it. On the other hand, if farmers
decide they do not want to keep the nursery, it would
be returned and loaned to another farmer. For larger
farms it would also be possible to purchase more nurs-
eries but they would be responsible for covering the
upfront cost of additional systems.
This solution addresses the issues faced by the
farmers who are not already using nurseries and at-
tempts to overcome them. There will not be an up-
front cost for the farmers because it will be covered
by a sponsoring organization. This will also cover the
issues of the wait time for subsidies. If after the year
that a farmer is given to use a nursery they are in-
terested in keeping it, the profits from the increased
production provided by the nursery would cover the
payments. Since the farmer would be making pay-
ments on the subsidy-reduced cost it will not take
very long for this project to be paid off. This also
helps farmers who are afraid of the commitment to
a nursery due to lack of knowledge. This proposal
would give farmers a comfortable way to assess if this
would be a good fit for their needs.
We recommend that the prototype be put through
a year of rigorous testing, during which a wide vari-
ety of crops are tested and shown to be viable under
most conditions. Throughout this trial year, farmers
can visit the prototype model to learn more about
how to use the improved nursery.
7 Conclusion
Farmers in Himachal Pradesh, India, face difficult
growing conditions, and in turn deal with lack of crop
variation and short growing seasons. This problem
manifests in unsustainable local practices and farm-
ers needing to import other produce to supplement
their diet. The goal of our improved plant nursery
was to assist in off-season plant growth, add varia-
tion to crop growth, and support food security in ru-
ral regions. This project could introduce a relatively
simple technology to address what we have identified
to be the primary problems these farmers are facing.
It also aims to preserve the local knowledge of farm-
ing and food production in a world which is becoming
more urbanized.
From our interviews, we have seen that farmers
are more accepting of nurseries if there are no up-
front costs , and if there are added benefits such as
water harvesting and prevention of crop destruction
from monkeys. In fact, while the climate presented
some difficulties to the farmers, water deprivation and
monkeys were a bigger issue than originally thought.
Those without nurseries expressed concern about the
limited supply of irrigation water and about monkeys
stealing any vegetables they might decide to grow.
The concept of a portable nursery loan system will
allow a non-committal learning experience with nurs-
eries to Himachal Pradesh.
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8 Supplemental Materials
Appendices
Appendix A: Local farmer questionnaire
Quantitative Questions:
• What plants do you grow? (Summer, Winter, Cash Crops)
• What plants are grown during the different seasons?
• How much of each crop is produced each season?
• Are the plants you grow for private or commercial use?
• Do you use fertilizer? If so, what kind?
• What are the best conditions to grow each kind of crop?
• How do you obtain water for your crops?
• What crops do you eat during the different seasons?
• How big is your village? (Size, Population)
Qualitative Questions:
• Would you use a greenhouse that extends the growing season?
• Would you use a greenhouse that increases crop production?
• Is obtaining water a problem for you?
• Is obtaining miscellaneous materials / building materials difficult for your village?
• Do you have access to electricity?
– How much/little?
– Is consistent electricity during the winter a problem?
• What would you pay for a greenhouse that extends the growing season and increases crop yields?
• How much of your crop output would you want the greenhouse to provide?
• Would you want a water collection system?
• What types of plants would you grow in a greenhouse?
• How would you modify the greenhouse to suit your needs?
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Appendix B: Nursery personnel questionnaire
Quantitative Questions:
• What plants do you grow? (Classify them as summer and winter plants)
• Who are the end users of the production from the greenhouse?
• What are the dimensions of the greenhouse?
• How many people work in the greenhouse throughout the year?
• What is the construction cost of the greenhouse?
• What is the maintenance cost of the greenhouse? (divide on the basis of cost of electricity, heating
mechs, etc)
• Would you like to have automation in your greenhouse?
• Do you use any system for monitoring the various factors like temperature, humidity etc?
• What are the Ideal conditions (temperature, humidity etc) to grow a particular type of crop? (We’ll
ask about the crops they grow and classify them on the basis of summer and winter plants).
• How many summer plants survive in winter and vice versa?
Qualitative Questions:
• What is the material used to make greenhouse? Why?
• What is the structure made up of? Why?
• How is the greenhouse heated?
• Do you use any methods to store heat? If yes, why in particular those?
• What ventilation methods do you use to avoid overheating? Why?
• Do you use any artificial lightning in greenhouse? If yes, how often?
• What irrigation methods do you use and why?
• Do you face any problems or challenges with your greenhouse?
• Are there any innovative or unique technologies used in your greenhouse?
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Appendix C: Farmland evaluation
Evaluation Determinant Criteria Evaluation
Accessibility How physically accessible
is the farm?
difficulty of shipping mate-
rial
Water availability Locally Sourced? Rainfall?
Delivered? Lifted?
Electricity availability How easily accessible is
electricity? Available for
surplus energy usage?
Is it used in any farming
practices?
Seasonal temperature vari-
ation
Are temperature fluctua-
tions an issue for the crops?
Any techniques used cur-
rently to buffer night and
day temperature fluctua-
tions?
Different during other sea-
sons?
Local airflow conditions Is there significant wind
throughout the year? In
monsoon season
Any particular need for
shielding from high winds
or for improving ventila-
tion?
Population How many individuals rely
on your crop? What
amount of your crop is for
personal consumption?
Approximate size Are the buildings devel-
oped? What is the number
of buildings?
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Appendix D: Nursery evaluation
Evaluation Determinant Criteria Evaluation
Lighting How is the nursery lit?
Do they have supplemental
lights?
Do they use natural light?
Quality of ventilation What types of ventilation
do they use?
Is the ventilation they use
active or passive?
Insulation Does the nursery use insu-
lation?
What type of insulation
does the nursery use?
Maintainability Is the nursery cheap to
maintain?
Is the nursery easily main-
tained?
Does the nursery need to
be repaired often?
Irrigation system/ water
collection
How does the nursery wa-
ter their plants?
Does the nursery collect
and store water? If so,
how?
Energy supply What type of energy is
used to power the nursery?
Water drainage Can the water the plants
don’t use be drained away?
Is the drainage active or
passive?
Internal temperature regu-
lation
How is the internal temper-
ature regulated? Is it ac-
tive or passive?
Microclimate regulation How are conditions like hu-
midity, temperature, and
ventilation regulated? Au-
tomated? Manual?
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Appendix E: Crop Growth Map
X = Sown
O = Harvested
1 = Time between Sowing and Harvesting
Month/Crop
January
February
March
April
May
June
July
August
September
October
November
December
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Appendix F: Nursery Questionnaire Answers
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Appendix G: Project Poster
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Appendix H: Supplementary Photographs
Visiting the Model Floriculture Center in Chail
Information regarding floriculture in Himachal Pradesh
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Farmer owned floricultural greenhouse in Chail
Underground heating system in the nursery prototype
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